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BRAKE PROPORTIONING SYSTEM 

FIELD OF THE INVENTION 

This invention relates to brake proportioning systems 
for multi-axle motor vehicles. 

BACKGROUND OF THE INVENTION 

Prior Art 

Brake proportioning systems for vehicles are gener 
ally well-known devices for regulating the rear-to-front 
brake effort applied to vehicle brakes in response to 
operator input braking force or motion to prevent pre 
mature lock-up of rear wheels of the vehicle during 
rapid deceleration of the vehicle. 

Virtually all multi-axle passenger vehicles in produc 
tion use some form of brake proportioning valve to 
regulate the ratio of rear-to-front brake effort to prevent 
rear wheel lock-up, but these are usually ?xed systems 
that provide a compromise proportioning of brake ef 
fort on the basis of an assumed loading of the vehicle. 

It is generally recognized that it would be desirable to 
provide variable brake proportioning ratios in response 
to vehicle loading to overcome brake proportioning 
problems encountered with modern passenger vehicles, 
particularly front-wheel drive vehicles. However, vari 
able load responsive brake proportioning systems that 
are commercially available or described in prior art 
literature tend to be complex and costly, which limits 
their applications in high volume production passenger 
vehicles. Prior art brake proportioning systems gener 
ally involve the use of sophisticated electro-mechanical 
or electro-hydraulic components speci?cally designed 
for heavy-duty trucks, rail vehicles, buses and the like, 
and are regarded as being too complex and expensive to 
be cost-effective for use in automobiles or light trucks. 
Examples of such prior art designs are described in 

U.S. Pat. Nos. 3,685,868; 4,093,316 and 4,050,743. In 
such typical systems, vehicle load distribution is usually 
detected by an electro-mechanical sensor that generates 
an analog or digital electric load distribution signal that 
is processed by a signal processor, including logic cir 
cuitry, to vary the ratio of rear-to-front brake effort that 
will result from operator input application of braking 
force. These typical systems attempt to constantly mon 
itor vehicle loading and constantly adjust the ratio of 
rear-to-front braking effort in accordance with propri 
etary algorithms so as to constantly ?ne tune the pro 
portioning of brake effort that will be produced when 
the operator applies input braking force or motion. The 
proportioning control usually is without regard to vehi 
cle motion or speed, although some brake systems do 
incorporate anti-skid features that are speed or motion 
sensitive. 
While such prior art systems may be desirable in 

certain environments, they leave much to be desired 
from the standpoints of simplicity, cost-effectiveness, 
reliability and adaptation for high-volume mass produc 
tlon. 

SUMMARY OF THE INVENTION 

The present invention overcomes the problems of 
prior art brake proportioning systems by simplifying the 
total system so that variable proportioning of rear-to 
front brake effort in response to vehicle loading is 
achieved simply by sensing the presence or absence of 
vehicle driver, passengers and load at the locations in 
the vehicle normally assigned for same, and adjusting a 
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variable brake proportioning valve to one of a plurality 
of speci?c settings depending on the number and loca 
tion of presences sensed at the driver, passenger and 
load locations. ' 

In addition, this invention provides for a vehicle 
speed responsive input to the system that prevents the 
proportion ratio from changing when the vehicle is 
moving to prevent transient conditions from affecting 
the proportion setting that has been initially established 
when the vehicle was loaded during the previous stop 
condition. 
Through the use of widely available onboard vehicle 

computers, an electrical brake proportion control signal 
can easily be generated in accordance with a selected 
algorithm to control the setting of a conventional elec 
trically operated brake proportioning valve in the vehi 
cle brake system in response to driver, passenger and 
load location and presence. Simple micro switches in 
the driver, passenger and load carrying areas of the 
vehicle, a speed sensor and connector wiring complete 
the basic system of the invention. 

DESCRIPTION OF THE DRAWINGS 

In the drawings appended hereto: 
FIG. 1 is a schematic illustration of a multiaxle motor 

vehicle showing load sensor switches at the driver, 
passenger and load carrying locations on the vehicle; 
FIG. 2 is a schematic representation of the brake 

proportioning system constructed in accordance with. 
this invention; 
FIG. 3 shows a diagram of ideal or desired rear-to 

front brake force ratio curves for light and heavily 
loaded passenger vehicles; and 
FIG. 4 shows a diagram of rear-to-front brake effort 

ratio curves resulting from this invention. 

DETAILED DESCRIPTION OF PREFERRED 
EMBODIMENT 

With reference to FIG. 1, a schematic illustration of 
a passenger motor vehicle 10 is presented, the vehicle 
including a body 12, a front wheel set 14 on a front axle 
16 and a rear wheel set 18 on a rear axle 20. It is to be 
understood that the designation “axle” can refer to an 
actual axle extending between the wheels, or a ?gura 
tive axle corresponding to the axis of rotation of the 
front and rear wheels 14,18. It is well recognized that 
wheel axles do not necessarily traverse a‘ passenger 
vehicle when the wheels are independently suspended 
on the vehicle; however, it is common to characterize 
the front and rear wheels as being located at the front 
and rear axle of such vehicles for convenience sake. 
Whenever the term “axle” is used in this description and 
the claims of this application, such expression shall 
always be intended to broadly connote the effective 
axle location for the vehicle. 
Driver and passenger seats 22, 23, 24 and 25 are pro 

vided on or within the vehicle and a load-carrying com 
partment 26 is located towards the rear of the vehicle. 
Generally, the body 12 of the vehicle will be an en 
closed compartment for the passengers and load, with 
the latter comprising a luggage carrying area such as a 
trunk or an open rear space in the case of a hatchback 
type vehicle. However, the vehicle could also be a light 
truck in which two or three passengers could be seated 
forwardly with the rear area constituting a cargo carry 
ing volume. 
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Weight sensing micro switches 8,4, SB, Sc, SD and SE 
are provided at the driver, passenger and load-carrying 
regions of the vehicle for detecting the presence of 
weights above a predetermined minimum threshold at 
each location. The switches preferably are conventional 
two-way operating (open-closed) so that the absence of 
such weights also can be determined by sensing the 
condition of the switch. A plurality of switches 55 
could be provided in the cargo carrying area of the 
vehicle if desired to sense the presence of multiple or 
large loads. 
The sensitivity of the switches can be pre-set or can 

be adjustable, depending upon the vehicle and the pref 
erence of the manufacturer. It is contemplated that the 
switches would be sensitive to loads above a minimum 
that would correspond to an adult passenger in the 
weight range of approximately 90-150 pounds, and a 
cargo load of approximately 50-75 pounds. However, 
the threshold sensitivity of the switches can be adjusted 
in accordance with the con?guration and brake system 
of the individual vehicle and furthermore the sensitivity 
of the individual switches can be varied to in?uence the 
brake proportion ratio depending on the particular loca 
tion of the switch in the vehicle. For example, the pres 
ence of a load at the cargo carrying area 26 of the vehi 
cle could be sensed at a lower threshold by switch S E 
than for example, the threshold established for sensing 
the presence of a passenger at seat 23 by switch S B. This 
would permit greater sensitivity and response to a load 
placed over the rear axle location of the vehicle than a 
load presence detected closer towards the front axle 16 
of the vehicle. 

In FIG. 2, a system utilizing the signals generated by 
the switches 5,4-55 is illustrated in combination with a 
vehicle braking system including a brake proportion 
valve V. 
The vehicle braking system is schematically illus 

trated and includes an operator input pedal 30 that ulti 
mately actuates a vehicle master cylinder 32 (assuming 
a hydraulic brake system), either directly as shown or 
through a power assist system (not shown). While a 
master cylinder is illustrated in the preferred embodi 
ment, the equivalent thereof in an air brake system 
could be used with this invention. 
The master cylinder 32 as illustrated is a conven 

tional, dual piston arrangement that provides split oper 
ation between front and rear brakes. That is, the for 
ward part of the master cylinder controls hydraulic 
brake pressure supplied to one front and one opposite 
side rear brake while the rear portion of the master 
cylinder controls brake pressure to the opposite front 
wheel and the opposite rear wheel. This example is 
illustrative and is not intended to be limiting with re 
spect to this invention, since the invention can be ap 
plied as well to a single master cylinder system wherein 
the brake pressure is equally transmitted to all four 
wheels. 

In the speci?c example illustrated, brake pressure to 
the forward wheels is transmitted through lines 34, 36, 
while brake pressure to the rear wheels is transmitted 
through lines 38, 40. 
The brake proportion valve V is a conventional, 

electrically operated proportioning valve that varies the 
ratio of rear to-front brake effort by restricting the 
brake pressure in lines 38 and 40 upstream of the wheel 
brake operating cylinders 42 in the rear wheels. In ac 
cordance with this invention, the valve V is controlled 

5 

35 

40 

45 

55 

65 

4 
in response to electrical signals supplied via leads 44 
from a signal processor 46. 
Valve V is intended to be adjustable in response to 

electrical input signals to any one of a plurality of ?nite 
settings, for example four settings. Each setting progres 
sively increases the ratio of rear-to-front braking effort 
in response to vehicle operator input braking force or 
motion applied at pedal 30. 

This will be better understood with reference to 
FIGS. 3 and 4 of the drawings. In FIG. 3, curves 48 and 
49 represent brake proportion values between rear and 
front braking forces FR and F5, respectively. Curve 48 
is representative of a desirable or ideal proportion curve 
for a lightly loaded vehicle while curve 49 shows a 
proportion curve for a more heavily loaded vehicle. 
Most passenger vehicles with ?xed proportioning 
valves strike a compromise between the curves 48 and 
49. 

FIG. 4 shows proportioning curves obtained by the 
present invention, wherein the proportion of rear-to 
front braking force (F R/FS) is illustrated by a family of 
four curves 50-53 that illustrate brake proportion set 
tings of valve V at P1, P2, P3 and P4, respectively. 
As illustrated in FIG. 4, with valve V set at P1 pro 

portion, the ratio of rear-to-front brake force increases 
less rapidly than, for example, the setting of P4, where 
the ratio of rear-to-front braking effort is permitted to 
reach a higher value. The setting P1 of valve V, accord 
ingly, would assume a lightly loaded vehicle or a vehi 
cle in which the load was located closer to the front axle 
16 than the rear axle 20. The proportion setting P4 of 
valve V would result if multiple load presences were 
sensed in the vehicle or a higher loading of the vehicle 
towards the rear axle than the front axle. 
The speci?c brake proportion setting‘ of valve V is 

determined by the signal processor 46, which could be, 
for example, an onboard vehicle computer of any suit 
able type used with passenger vehicles and having spe 
ci?c input ports for electrical signals resulting from 
activation of switches SA-SE via leads 54. A separate 
lead 56 communicates a vehicle speed signal to an input 
port of the signal processor 46 from a speed responsive 
pick-up 58 or the equivalent which detects the speed of 
the vehicle, for example, by detecting the speed of rota 
tion of the drive shaft 60 or an equivalent thereof to 
provide input to a suitable signal converter 62 that con 
verts the signal from the detector 58 to an appropriate 
signal usable by the signal processor 46 via lead 56. If 
desired, the signal processor 46 also could include an 
additional output port communicating with line 64 if it 
should be desired to control more than one proportion 
ing valve V in the brake system of the vehicle, for exam: 
ple, in a vehicle having multiple rear axles. 
The signal processor 46 would include appropriate 

circuitry designed in accordance with well-known prin 
ciples to receive input signals via leads 54 from switches 
S,4—SE and to process such signals in accordance with an 
appropriate algorithm so as to generate a ?nite number 
of brake proportion signals to be communicated to 
brake proportion valve V. In the example shown in 
FIG. 4, signal processor 46 would be arranged so that 
one of four signal levels could be transmitted to propor 
tion valve V to produce rear-to-front brake effort ratios 
P1-P4, depending upon the number and location of 
weights sensed by switches S,4—SE. Moreover, the sig 
nal processor 46 would also be arranged so that a pro 
portion signal transmitted to control valve V would not 
be altered from one proportion setting to the next for so 



4,603,921 
5 

long as the vehicle is in motion. This latter feature is 
considered to be highly desirable to avoid adjustment of 
the rear-to-front brake proportion effort in response to 
transient conditions or shifting of vehicle load during 
rapid deceleration of the vehicle such as could occur 
during a violent braking or steering maneuver. Thus, 
once the proportion valve V is set in response to the 
detection of the presence of loads at switches SA—SE, no 
further adjustment of valve V can occur until the vehi 
cle is at rest. 

It will be understood that the various proportion 
settings of valve V can be any desired number to 
achieve the objectives of the invention. However, for 
the sake of simplicity, the number of valve settings can 
be limited to the number of load sensing switches pro 
vided, in the vehicle, including or not including the 
switch at the driver location, depending upon the re 
quirements of the system. In the preferred embodiment, 
the number of valve proportion settings Pl-P4 would 
correspond to the number of switches SA—SE, less the 
single switch S4 for the driver. It may even be desirable 
in some instances to eliminate switch S4, since it may be 
assumed that there will always be a driver in a moving 
vehicle. However, switch SA may be included to pro 
vide logic control for the signal processor 46 and to 
provide a complete signal input via leads 54 that will be 
indicative of the placement of the loads within the vehi 
cle. 

Thus, this invention provides a very simple approach 
to proportioning rear to-front brake effort ratio by sim 
ply sensing the presence of a speci?c number of loads at 
speci?c locations within the vehicle and utilizing the 
signals generated by the sensors to produce a speci?c, 
?nite number of valve settings that will approximate an 
ideal or desirable rear-to-front brake proportion setting 
of a brake proportion valve in the brake system of the 
vehicle. The invention eliminates the need to precisely 
determine the actual amount of load or the load balance 
on the vehicle and eliminates the need to precisely ad 
just a brake proportioning valve continuously in re 
sponse to the total quantity of such loads or their loca 
tion. Moreover, once the brake proportion valve of this 
invention has been set to achieve a certain rear-to-front 
brake proportion ratio, the proportion setting will not 
be adjustable again until the vehicle comes to rest. 
While a single embodiment of the invention has been 

illustrated, it is to be understood that the scope of the 
invention is not to be limited to this speci?c embodi 
ment, which can be modi?ed in accordance with well 
known principles by those skilled in the art without 
departing from the invention, the scope of which is 
encompassed by the appended claims. 
What is claimed is: 
1. A process of proportioning multi-axle brake efforts 

for a passenger vehicle having a driver seat, one or 
more passenger seat or seats and a load-carrying space, 
wherein the brake effort on at least one axle is propor 
tioned in predetermined relationship with respect to the 
brake effort on at least one other axle of the vehicle, 
comprising: 

(a) sensing the presence of loads exceeding a selected 
threshold at at least the passenger and luggage-car 
rying space locations of the vehicle and generating 
electrical load presence signals representative of 
each such presence; 

(b) processing said load presence signals to drive a 
predetermined ?nite number of brake proportion 
control signals corresponding to a predetermined 

10 

20 

30 

40 

45 

50 

55 

60 

65 

6 
number of brake proportion settings depending 
upon the location and number of the sensed load 
presences; 

(c) transmitting said brake proportion control signals 
to an electrically controlled brake proportion 
means inathe brake operating circuit of the vehicle 
to thereby regulate the proportional effort applied 
by the brakes on different vehicles axles in response 
to brake effort applied by a vehicle operator. 

2. A method as claimed in claim 1, including sensing 
vehicle speed and generating an electrical speed signal 
related to such speed; processing the electrical speed 
signal with the load presence signals in such a manner 
that said brake proportion control signals can only be 
utilized to adjust said brake proportioning means be 
tween brake proportion control setting when the vehi 
cle is at rest. 

3. A method as claimed in claim 1 where processing 
of the load presence signals is carried out in a manner to 
produce resultant brake proportion control signals that 
are responsive to the location, as well as the existence of 
said load presences. 

4. A method as claimed in claim 1 wherein the pro 
cess is carried out with the number of available brake 
proportioning settings corresponding to the total num 
ber of presence sensors provided at the passenger and 
load locations in the vehicle. 

5. A brake effort proportioning system for a multi 
axle vehicle for varying brake effort proportionally 
between rear and forward axle locations of the vehicle, 
the vehicle including a braking system, a driver seat, 
one or more passenger seats and a rearward load-carry 
ing space, comprising: 

(a) an electrical switch means for sensing the presence 
of at least one passenger and a load, each having a 
weight greater than a predetermined threshold at 
each passenger seat and at said load-carrying space 
of the vehicle and for generating electrical weight 
presence signals; 

(b) means for electrically energizing the switch 
means; 

(c) a signal-processing means; 
(d) means for transmitting electrical weight presence 

signals generated by the switch means to the signal 
processing means; 

(e) said signal-processing means including means for 
receiving and processing said weight presence sig 
nals generated by the switch means so as to gener 
ate a predetermined ?nite number of brake propor 
tion control signals corresponding to brake propor 
tion settings depending on the number of the sensed 
passenger and load presences; 

(f) brake proportion valve means in the braking sys 
tem of the vehicle, said valve including control 
means responsive to said brake proportion control 
signals for regulating the rear-to-front proportional 
effort applied by the brakes of the vehicle in re 
sponse to vehicle operator brake effort input; 

(g) means for communicating said brake proportion 
control signals to said brake proportion valve con 
trol means to cause the proportion control valve to 
progressively increase the rear-to-front brake ef 
fort ratio from an initial lower ratio setting to a 
higher ratio setting in response to the sensing of a 
progressively higher number of passenger and load 
presences. 

6. The apparatus as claimed in claim 5, including a 
vehicle speed sensor means including means for gener 
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ating a speed related electrical signal and transmitting 

same to the signal processing means; 

said signal-processing means including means for 

receiving and processing said speed related signal, 

and means responsive to the speed related signal to 
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prevent adjustment of the brake proportion valve 
setting While the vehicle is in motion. 

7. The apparatus as claimed in claim 6, wherein the 
number of available brake proportion valve settings of 
the brake proportion valve corresponds to the number 
of switch means for sensing passenger and load pre 
sences. 
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